In this paper we extend an existing vector-host epidemic model with direct transmission to assess the impact of two control measures, i.e. the preventive control to minimize vector-host contacts and the insecticide control to the vector. The aim is to derive optimal prevention strategies with minimal implementation cost. The characterization of optimal control is performed analytically by applying Pontryagin Minimum Principle. The obtained optimality system is then solved numerically to investigate that there are cost effective control efforts in reducing the incidence of infectious hosts and vectors.
Introduction
Many mathematical models have been used to understand the spread of vector-host epidemic diseases such as malaria, dengue, chikungunya, elephantiasis, and dysentery; see e.g. [5] . Various kinds of strategies for disease control have been carried out with the aim of minimizing infective host or as prevention efforts. For example, optimal strategies for controlling the spread of malaria disease using prevention and treatment on malaria have been studied in [3] . Similarly, Agusto et al. [1] have investigated an optimal prevention strategies of malaria disease using treatment, insecticide treated bed nets and spray of mosquito insecticide as the system control variables. Okosun and Makinde [8] have studied the impact of drug resistance in malaria transmission to investigate the role of drug resistance individuals in malaria transmission and its optimal control problem.
Generally, insects or vectors become the main intermediaries of infectious disease to the host population; see e.g. [5] and [7] . In such vector-host epidemic model, transmission disease is usually caused by contacts between infective vectors and susceptible hosts only, see e.g. [1] , [5] , [7] and [9] . However, the direct transmission such as a contact between infective host and susceptible host population should be incorporated in the model [4] . By considering the direct transmission, in the normalized variables, Cai and Li [4] proposed the following vector-host epidemic model , ) (
where and represents the proportion of susceptible and infective host population, respectively while and are respectively the proportion of susceptible and infective vector population. In model (1), , and are respectively the rate of direct transmission from infectious host to susceptible host, the rate of transmission from vector to host and the of transmission from host to vector; is the host birth rate which is assumed to be equal to the host mortality rate; is the vector birth rate which is assumed to be equal to the vector mortality rate; is the recovery rate of infectious hosts; and is the ratio of vector population and host population. Cai and Li [4] have shown that 
Iˆ is the root of the following quadratic equation
In this paper, we extend model (1) by including the preventive contact control in the form of medical treatment to minimize vector host contacts as well as the level of larvacide and adulticide used for vectors control at vector's habitat to minimize the infected host at minimal cost.
Optimal Control Problem
To extend the basic vector-host epidemic model with direct transmission (1), we introduce two control measures, i.e. the preventive contact control in the form of medical treatment to minimize vector host contacts ( . By including these two control measures, we obtained the following model
Now, we consider an optimal control problem to minimize the objective functional
subject to system (2) 
where
is control set. For this purposes we shall use Pontryagin's Maximum Principle. This principle converts (2), (3) and (4) into a problem of minimizing a Hamiltonian ( ), defined by
are costate variables. Applying Pontryagin's Minimum Principle and the existence result of the optimal control, we obtain the following theorem. 
On the interior of the control set, where
we have 
Numerical Simulations
In this section, we investigate numerically the optimal solution to the vector-host epidemic model with direct transmission by Sweep BackwardForward method [6] . The optimality system is solved using the fourth order Runge- while the costate system is solved backward in time. The controls values are update at the end of iteration using the formula for optimal controls. For the following numerical simulations, we use parameters given in Table 1 . Table 1 Using parameter in Table 1 , we find that the reproduction number is 
Conclusion
In this work we have studied the effects of preventive control to reduce vector-host contacts and the insecticide control to the vector in a vector-host epidemic model with direct transmission. Using Pontryagin Minimum Principle we have established the existence of optimal control pair which minimize the proportion of both infective host and infective vector as well as minimize the cost of applying controls. The numerical simulations with and without control show that the control strategy helps to reduce the number of both infective host and infective vector significantly.
